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The inventicin relates to a hetorobipclar trans iator, corapriBing an 
emitter which, includes a rirsc eemi conductor layer made of a firct 
fiOTiiconductor material and a eecond semiconductor layer made ol a 
second senviconduccor material, a band gap value of the £irst 
Bemiconductor material being smaller than a band gap value of tne 
second semiconductor material. 

Heterobipolar transistors (HBT) have a nuihber o£ advantages. In 
particular, their very good frequency behavior has led to Increasing 
usage of hereterobipolar transistors in high frequency oirouite such 
as needed, for example, in mobile radio technology. Switching 
frequencies obtainable with heterobipolar transistors lie in a range 
above 100 GHz. 

Heterobipolar transiBtors based on III-^V semlconduccor technology 
are used a lot. emitter of a known n-p-n InP heterobipolar 
transistor conqprlses a sequence of adjacent semiconductor layers. A 

first ti^ doped emitter semiconductor layer has a small hand gap 
value. inGaAs is an example ot semiconductor material having a low 
band gap value. One face of the first emitter semieooaductor layer is 
contacted metallically. Hie next adjacent emitter semiconductor 

layer is an doped semiconductor layer which has a greater band 
gap value. For exaupie, inP and inAiAs are materials which have a 

high band gap value. The next n" doped emitter semiconductor layer 
made of the saxne semlconduccor material with a great band gap value 

is located adjacent to a doped base layer having a small band gap 
value. Often InOaAs is used as the base layer material. 

At the emitter-aemiconductor interfaces ZnP/Zn6aAs and 
InAlAs/InOaAs, respectively, a discontinuity in the oonduotion band 
occura, forming a thin, high barrier to the electrons. The 
ccndtxctioxi band elect rone must tunnel through thia barrier, auch an 
energy barrier presents an obstacle to the electron flow and thus to 
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Che current flow. The energy barrier raises the emitter resietanee, 
tharoby lltnitiing Che tiia:}ciinuin emitter current « 

In eleetronioe, heat ie generated at every resistor through whiqh 
current flows. Consequently, also the energy barrier , practioally 
5 being a parasitic resistor of t:he emitter, entails higher power 

consiin^tion of the heterobipolar transistor. Heating of transistors 
in operation is disodvantageous particularly with a view to circuit 
miniaturization. Furthermore, the parasitic resiecance of the 
emitter lowers the maximum switching frequency of the transistor and 
10 leads to a higher noise level* 

It is the object o£ the invention to provide an improved 
heterobipolar transistor having an emitter structure which lowers 
the parasitic resistance. 

This object is met, in accordance with the invention, wich a 
15 heterobipolar transistor of the kind specified initially, in that a 
semiconductor intermediate layer made of en intermediate layer 
semiconductor material is disposed between the first semiconductor 
layer and the second semiconductor layer and a band gap value of the 
intermediate layer semiconductor material is greater than the band 
20 gap value of the first semi connuc cor material and smaller than the 
band gap value of the second semiconductor material < 

the emitter of a heterobipolar transiacor according to the invention 
comprises at least two Jumps in the band gap value, each smaller 
than the band gap difference betwea the band gap value o£ the first 

35 semiconductor layer and the band gap value of the second 

semiconductor layer. The energy barriers occurring between the first 
semiconductor layer and the semiconductor intermediate layer as well 
as between the semiconductor intermediate layer and the second 
semiconductor layer each are smaller than the energy barrier between 

30 the firs^ semiconductor layer end the second semiconductor layer of 
a known heterobipolar transistor, as the tunneling probability of 
the electrosis through on energy barrier depends exponentially on Che 
height of the barrier, the likelihood of tunneling through two siiuill 
energy barriers is greater than the likelihood of tunneling through 
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one big barrier the helgnc of whlcn equals the sum of the barrier 
heights of tho two small barriere. The itqproved heterobipolar 
transiscor chus hae a smaller eioitter resistance than known 
heterobipolar transistors . 

5 In operation of the heterobipolar transistor^ a reduced emitter 
resistance causes less heating and less power loss. Noise 
eharacterietiea are improved and, fur the more, the maximum switching 
frequency of the heterobipolar transistor is increased. 

It may be provided in an advantageous further development of the 
LO invention that the intermediate layer semiconductor material is 
lattice adapted to the first semiconduocor material or/and the 
second semiconductor material. That has the advantageous consequence 
that no diefeots will form in the semiconduotor intermediate layer or 
the first semiconductor layer or the second semiconductor layer. 
15 Defects in eemioonductor material raise the parasitic resiatonce of 
the semiconductor material. The lattice adaptation, as shown* 
results in further reducing the emitter resistance. 

Moreover, it may be advantageous that the band gap value of the 
intermediate layer semiconductor material corresponds to one half of 

30 the sum of the band gap value of the first semiconductor material 
and the band gap value of the second aemieonductor material. That 
optimlasee the probability of tunneling through the two barriers 
which appear at the interfaces of the oemioonductor intermediate 
layer and, as a resxilt, the emitter resistance brought about by the 

35 two energy barriers becomes minimal. 

It may be provided according to further advantageous embodiments 
that the first semiconductor material cornprises InGaAs. the second 
semiconductor material comprises InP, and the intermediate layer 
semiconductor material comprises inGaAsP, or that the first 
30 semiconduotor material aomprises InGaAs, the second semiconductor 
material conprlses InHlAs, and the Intermediate semiconductor 
material con^risea AlOsXalWs . 'ffhat offers the possibility of varying 
the band gap value of the first semiconductor intermediate layer by 
varying the oon^sition of the elements indium, gallium, arsenic. 
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azuX phosphorus, or chac of the elements aluminum, gallium, indium, 
and arsenic. 

According to another advantageous further development of the 
iixvencion it may be provided that a 6eq[uence o£ n (n^2} stacked 
5 semiconductor intermediate layers constituted by the semiconductor 
Intermediate layer and at least one other serai ccsnduc tor layer mada 
of another intermediate layer semiconductor material are disposed 
between the first semiconductor layer and the second samiconductor 
layer, that the at least one other semicoixductor layer is disposed 

10 between the semiconductor intermediate layer and the second 
semiconductor layer, and that a band gap value of the other 
intermediate layer semiconductor material is greater than the band 
gap value of the Intermediate layer semiconductor material and 
smaller than the band gap value of the second semiconductor 

15 material. The advantage hereof is that at least three energy 

barriers are presented in the emitter* Tunneling through at least 
three barriers is more likely than tiinneling through two barriers i£ 
the sum of the barrier heights of the at least three energy barriers 
corresponds to the sum of the barrier heights of the two energy 

20 harriers. Therefore, a heteroblpolar transistor including an emitter 
which has a semiconductor intermediate layer and at least one more 
semiconductor intermediate layer is distinguished from an HTB with 
but one semiconductor intermediate layer by having a smaller emitter 
resistance 

25 ma convenient further development of the invention it may be 

provided that the first aemiconductor material has a band gap value 
Be, the second semiconductor material has a band gap value Bz, and 

en intermediate layer semiconductor material of a j^^ of the n 
semiconductor Intermediate layers (2 S j 2 n) has a band gap value 

ao Bj, where Bj = Be4.j * (1/(14.11) )' (Bz^Be) . l<his optimizes the overall 
tunxieiiasg prdbabllity of an electron in an emitter of a 
heterobipolar transietor which oorqprieee n aemiconductor 
intermediate layers. 

It is provided In yet another further development of the invention 
35 that the nxiraber n o£ bhe semiconductor intermediate layers 
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cosuscirutlng tne sequence ie selected such that a qviasi linear 
transition ie obtained between the band gap value of che first 
semi conductor material and the band gap value of the fieoond 
aemi conductor material due to the band gap values of che 
5 intermediate layer semiconductor materials disposed between the 
first semiconductor material and the second semicoixauctor material « 
Because of these differences in band gap values, such a 
heterobipoiar transistor has a minimal emitter resistance. 

It may be proviaed in an embodiment of the Invention that the first 
10 aemiconductor layer is contacted metallically. The metallic 
contacting permits the emitter current of the heterobipoiar 
tranaiator to be carried off. 

In a convenient modification provision may be made for a further 
semiconductor layer to border on the second semiconductor layer, and 
IS the further semiconductor layer to border on a base. That offers the 
possibility of the further semiconductor layer bordering on the base 
to have a doping different from that o£ the second semiconductor 
layer. 

The invention vill be described £turther, by way o£ example^ with 
20 reference to a drawing, in which: 

Fig. 1 is a diagrammatic cross section o£ an n^p-n heterobipoiar 
transistor with an emitter which is graded by steps i 

Pig. 2 is a diagrammatic cross section of another embodiment of 
on n-p*n heterobipoiar transistor with an emitter graxlea 
25 by steps; 

Fig. 3 is a diagrammatic cross ' eection of another embodiment of 
an n-p-n heterobipoiar transistor with an emitter graded 
by steps; 

Fig. 4a shows the diagrammatic course of the conduction band of a 
30 conventional emitter; 

Fig. 4b Shows the diagrammatic course of the oonducticn band of an 
emitter graded by steps i and 
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Fig. 4c shows che diagrammaclc course of the conduckioa band of an 
emit car gradad homogeneously. 

Fig. 1 diagrammatical ly chows an n-p-n heteroblpolar transldtoc of 
which the emitter is graded stepwise. A heteroblpolar transistor 
5 comprieeB a plurality of layers which are epitaxially grown one on 
top of the other. A subcollector 2 is disposed on a aemi- insulating 
InP layer 1, A collector contact 3 and a collector 4 border on the 

suhcollector 2. A p' doped base layer 5 borders on the collector 4- 
A face of the base layer S remote from the colleccor comprises a 

10 base contact 6 and an Interface with an n~ doped emitter 

semiconductor layer 7. (emitter HLS) . As a rule^ the base layer 
coinprlBeB a semiconductor material which has a small band gap value, 

for instance I InOaAs. Xfhe n' doped emitter semiconductor layer 7 
cotniprlses a seniconductor material having a great band gap value. 

IS Such materials, for aacatnple, are XnP and InAlAs. The n~ doped 

emitter semiconductor layer 7 is followed by an n**" doped emitter 
semiconductor layer 8 coniprialng a semiconductor material whose band 

gap value is greet, tlormallyr the semiconductor materials of the n 

dpped emitter semiconductor layer 7 and the n"^ doped emitter 

20 eemlconductor layer 8 are identical. An doped omitter 

semiconductor intermediate layer lo (emitter hlzs) is arranged 

between the doped emitter semiecnductor layer 8 which hae the 

great band gap value and on n" doped emitter semiconductor layer ^ 
which has a small band gap value and also is the last one of the 
25 stacked, epltaacially grown emitter layers. The band gap value of the 
emitter semiconductor Intermediate layer 10 is greater than the band 

gap value of the n*** doped emitter semiconductor layer 9 having the 
small band gap valioe, and is smaller than the band gap value of the 

n" doped emitter semiconductor layer 8 having the great band gap 
30 value. A metallic emitter contact 11 is disposed on one face of the 

n*^ doped emitter semicoziduotor layer 9. 
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The embodlmenc shown in fig. 2 oC an n-p-n heterobipolar transistor 
ccmpriBin^ a emiccer graded by steps differs from the enibodlmenc 
lllusrrated In fig. l by the provision of two emitter fiaioi conductor 
layars 21 « Z2 between the emitter semiconductor layer 3 which has 
5 the small band gap value and the emitter semiconductor layer 8 which 
has the great band gap value. More specif iqally, the barxd gap values 
are the following: the band gap value of tha emitter eemiconduator 
intermediate layer 21 is greater Lhan the band gap value of the 
emitter semicondtictor layer B and smaller than the hand gap value of 

10 Che emitter semiconductor intermediate layer 22. The band gap value 
of the emitter semiconductor in&ermediate layer 22 In turn is 
greater than the band gap value of the emitter semiconductor 
intermediate layer 2L and smaller chan the bond gap value of the 
emitter semiconductor layer 6. The two emitter semiconductor 

15 intermediate layers either may contprise different sendconduccor 
materials or the same semiconductor material. 

Fig. 3 shows another embodiment of a heterobipolar transistor. With 
this embodiment a secjuence of n(n^2) emitter semiconductor 

intermediate layers 31, 32, 33 is disposed between the n*** doped 
20 emitter semiconductor intermediate layer 9 having the small band gap 

value and the ix^ doped emitter semiconductor Intermediate layer Q 

having the great band gap value. A j^^ emitter semiconductor 
intermediate layer 32 (i ^ j !S n} has a band gap value Bj, vOiere: 
Bj-l ^ fij ^ Bj-f-l/ BO being a band gap value of the emitter 

25 semiconductor layer 9 with the small band gap valuer and Bn+1 being 
a band gap value of the emitter semiconductor layer 8 with the great 
bajod gap value. As in the case of the einbodiment shown in fig. 2, 
the emitter semiconductor intermediate layers 31, 33, 33 may either 
con^rise different semiconductor materials or the same semicondaotor 

30 material » 

A coxxduction band discontinuity occurs in a known heterobipolar 

transistor at an Interface between the n"^ doped aemiconduotor layer 

having a great band gap value and an doped semiconductor layer 
having a small band gap value* Fig. 4a illustrates such a schematic 
35 course of the conduction band. In this case ZnOaAs is a 
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6emlcaz2duccor marerlal wlcn a small band gap value « while InP Is a 
semlcanducitor cnat^rial with a great band gap value. In operation, 
electrons muse tunnel through the energy barrier shown. 

Fig. 4b Illustrates the course of the conduotion band of an emitter 
5 graded by eteps, such aa ahown in fig. 1, including eui emitter 

semiconductor intermediate layer 10. In this embodiment the emitter 
aemiconductor layer 9 wich the small band gap value comprises 
InGaASi the emitter semiconductor intermediate laygr 10 comprises 
InOoAsF, and the emitter siemi conductor layer B with the great band 

10 gap value comprises InP. in the embodiment illustrated, the band gap 
value o£ the emitter semiconductor intexnnedlate layer 10 r inGaASF, 
corresponds to one half of the sum of the band gap value of the 
emitter semiconductor layer 9, tncaivs, which has the small band gap 
value I and the band gap value of the emitter eemiconduotor layer B| 

15 inp, which has the great band gap value. Two thin energy barriers 
are established at the two interfaces of the emitter semiconduetoi: 
intermediate layer 10 1 InGaAsP. Their barrier heights are half as 
great as the barrier height of the energy barrier illustrated in 
fig. 4a. In view of the fact that the harrier height enters 

20 eacponentiolly in the tunnel probability, it is more likely Cor an 
electron to tunnel through two energy barriers of half the height 
than through one energy barrier having the full height. For this 
reason, an emitter vhloh is graded by steps has a lower resistance 
value tbBxi an emitter of a known hbt. 

25 m an advantageous further development of the embodiment shown in 
fig* Ir provision may be made for the bend gap value o£ the emitter 
semiconductor Intermediate layer to be a band gap value of which the 

differenoe with respect to the n*** doped emitter semiconductor layer 
having the small band gap value Is smaller/greater than the 
30 difference with respect to the band gap value of the emitter 
semiconductor layer having the great band gap value. With this 
eoibodimexit, the resulting energy barriers at the interfaces of the 
emitter semiconductor intermediate layer have different heights. 
Ihat permits the resietanoe value of the emitter to be varied. 
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With the emboOitnents accordixig to figs. 2 and 3, diacontinultias 
occur in che bond gap values at more than two interfaces of the 
emitter. This means that the height of the energy barrier 
encountered in an emitter of a known KTa is "distrilTuced" to the 
S greater nuaiber of small barriers, the total o£ the fimall barrier 
heights pronriding an overall barrier height which equals the energy 
barrier height in a loiown endtter. The distribution" o£ the overall 
barrier heighc to a greater number or smaller barriers further 
reduces the overall tuxuxeling probability of a electron through all 
10 the energy barriers. 

in an advantageous further development o£ the embodiment shown in 
fig. 3, provision may be made for the difference between the band 
gap values of two adjacent emitter semiconductor layers to be 
l/{n-rl)th of the difference of the band gap value of the emitter 
15 semiconductor layer which has the great band gap value and the band 
geqp value of the emitter semiconductor layer idiich has the small 
band gap value. 

If the number n of che emitter semiconductor intermediate layers is 
Chosen big enough, the result will be a homogeneously graded 

30 emitter. Fig. dc shows the schematic coiurse of the conduction band 
Of such a homogeneously graded emitter. The share of the resistance 
of the emitter resistance derivable from the variation of the band 
gap value along the emitter becomes minimal In a homogeneously 
graded emitter* A quasi linear transitioa of the band gap values 

25 along the emitter semiconductor intermediate layers « from the band 
gap value of the emitter semiconductor layer with the small band gap 
value to the emitter semiconductor layer with the great band gap 
valuei can be obtaixsed with a homogeneously graded emitter. 

It is of advantage for all the embodiments described above to have 
30 each of the emitter semiconductor layers lattics adapted as best as 
possible to the respective adjacent emitter eemioonductor layers or 
emitter semiconductor intermediate layers. That prevents defects 
from occurring at the incerCaces and in the emitter semiconductor 
inter me diate layers or emitter semiconductor layers i defects idiich 
33 would cause parasitic resistance in the emitters. 
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The semlconduccor roacerials mentioaed in tlie description above are 
oo moaro than axaxcplde. A. conoeivable embodiment may comprise InGaAs 
as the emitter semiconductor layer having the amall band gap value, 
AlGalnAs as the emitter semiconductor layer having the great: band 
5 gap value, and AlInAs as the emittar semiconductor layer having the 
great band gap value. It will be apparent to the skilled reader chat 
the emitter semiconductor layers or emitter semiconductor 
Intermediate layers likewise may coniprlse other materialSi e.g. GaAs 
and SiOe, etc. 

As described above, the invention provides a heterobipolar 
cransistor including an emiccer oC Which the emitter resistance is 
email in conparieon with the emitter resistance o£ heterobipolar 
transistors known in the airt. This lowering of the emitter 
resistance reduces power consumption, sel£-heating/ and noise in a 
circuit in which heterobipolar transistors are employed. 
Furthermore, the reduction o£ the emitter resist euice leads to a 
higher cutof£ frequency and switching fireijuency of the heterobipolar 
transistor. 

The features of the invention disclosed in the specification above, 
30 in the drawing and claims may be significant for implementing the 
invention In its various embodiments, both individually and in any 
combination. 
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